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ABSTRACT , 

Crustal Evolution Education Project (CEEP) modules 
were' designed to: (1) provide students with the methods and results 
of continuing investigations into the composition, history, and 
processes of the earth's crust and the .application of this knowledge, 
to man's activities and (2) to be used by teachers with little or no 
previous background in the modern theories of sea-floor spreading, 
continental.drif t , and plate> tectonics . E^ch module consists of two 
booklets: a teacher's guide and student investigation. The teacher's 
guide contains all of the information present in the student 
investigation booklet as well- as: (1) a general introduction; (2) 
prerequisite student background; (3) objectives; (4) list of required 
material's; (5) background information; (6) suggested 'approach; (7) 
procedure, recommending three 45-minute class .periods; (8) summary 
questions (with answers); (9) extension activities; and ; (10) list of 
references. Activities in this'module iocus on investigating magnetic 
characteristics of a sea-floor model in the. vicinity of a wide-ocean 
ridge. The model affords concrete, manipulative experience with' the 
interpretive nations of mirror image (normal and reverse) magnetTc 
patterns, with the amount and. rate of sea-floor spreading, and^the 
opportunity to suggest possible ways in which the magnetic pattern % 
could have been formed. (Author/ JN^ « 
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Welcome to the exciting world of current research* 
into the composition history and processes of the 
earth s crust and the application of this knowledge 
to mans activities The earth sciences afe 
currently experiencing a dramatic revolution in 
our understanding of the way in which the earth 
works CEEP modules are designed to bring into 
the classroom the methods and results of these 
continuing investigations The Crustal Evolution 
Education Project began work in 1974 under 
the auspices of the National Association of 
Geology Teachers 'CEEP materials have been 
developed by teams of science educators, 
classroom teachers and scientists Prior to 
D^bhcation the materials were field tested. by 
more than 20^ teachers and over 12 000 students 
Current costal evolution research is a breaking 
story that students are living through today 



Teachers and students alike have a unique 
opportunity through CEEP modules to share in the 
unfolding o( these educationally important and 
exciting advances CEEP modules are designed 
to provide students with appealing firsthand 
investigative experiences with concepts which are 
at or close 'to the frontiers of scientific inquiry into 
plate tectonics Furthermore, the CEEP modules 
are designed to be used by teachers with little or 
no previous background in the modern theories- 
,of sea-floor spreading continental drift and plate 
teGtomcs 

We know that you will enjoy using CEEP 
modules in yoar classrpom Read on and be 
prepared to experience a renewed enthusiasm for 
teaching as you learn more about the living earth 
in ♦his and other CEEP modules 



About CEEP Module^... 



r 

oklet 



Most CEEP modules consist of two booklets a 
T eacners Gu>de and a Student Investigation The 
Teac n ers Guide contains all the information 
and illustrations in the Student Investigation 
plus sections printed in color intended only for the 
teacher as welt as answers to the questions that 
are included in the Student Investigation 
In some modules there are illustrations that 
appear on!/ ih the Teachers Guide and these are 
designated oy figure letters instead of me number 
se^uemce used in the Student investigation 

For some modules, maps rulers and other 
common classroom materials are needed and in 



;ar/mg Quantities according to the method of * 
Oresentation Reaa over the module before 
scheduling its use in class and refer to the list of 
MATERIALS m the module 

Each module is individual and seif-containeci in 
content .out some are divided into two or more 
parts for convenience The recommended iength 
of trmp for each module is indicated Some modules 
require prerequisite knowledge of some aspects 
of oasic earth science this is noted, in the . 
Teacher s Guide 



The matenal was prepared with the 
support of National Science Foundation 
Grant Nos SED 75-20151. SED 77-08539 
and SED 78-25104 However, any opinions, 
findings, conclusions, or recommendations ' 
expressed herein are those of the author(s) 
sn£j do not necessarily reflect the views 
• of N$F • 

*< 

In order to cornp4y with U S Public Law 
94-86 every school di'st/icf in the U S A 
jsmg these materials agrees to make 
' them "avaHabje for inspection* by parents or 
guardians o/chfldren engaged in 
educational- programs or projects of the 
school district " „ 
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A Sea-floor Mystery: Mapping Polarity Reversals 



INTRODUCTION 

This is a module in which students will 
investigate.rojagnetic characteristics of a sea-floor 
model of the vicinity of a mid-ocean ridge. The 
model enables students to have a concrete, 
manipulative experience with themterpretive 
notions of mirror image (normal and reverse)^ 
magnetic patterns, the amount and rate of* 
sea-floor spreading, and the opportunity .fo . 
suggest possible ways in which the magnetic 
pattern could have been formed. 

PREREQUISITE STUDENT BACKGROUND 

Basic understandings of the eafth's magnetic field, 
the response of a compass within that field and 
the idea of magnetic reversal are necessary 
before beginning this activity, in addition, , ^ 
students should be familiar with the topography 
of the ocean floor, specifically the mid-ocean 
ridge System. 

OBJECTIVES ss^Aras^^s^g^si^ 
After you have completed these activities, you 
-should be able to \ 

1. Descrrbe the magnetic -pattern that was 
found on the sea-floor model - , 

2. Identify the areas on the mpdef that have 
normal magnetism and the areas that have reverse 
magnetism q . 



One interestipg find that scientists have made 
in recent years is that the earth's magnetic field 
has two favored positions One position 'is as 
it exists today, with the north magnetic pole 
near the north^geographic pole (See Figure 1a ) 
The other is exactly the reverse, .with the 
north rpagnetic pole near-the south geographic 
pole. (See Figure 1b ) The magnetic polarity 
(the geographic directions of 'the north and 
south magnetic polefe) appears to have reversed 
positions many times in Ifres^ast 




3. Compare 'the magnetic pattern on one side of 
the model mid-ocean ridge with that on the 
opposite side of the ridge 

4. Suggest some possible ways in which the 
striped magnetic pattern could h^ve been formed 

5. Calculate the amount of sea-fRjpr spreading 
that has occurred in the pastli 'million years , 
6/ Calculate the rate of 'sea-floor spreading 
that has occurred in "the past 3 million years 
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Figure 1 .Magnetic polarity of the earth. 



a. Normal magnetic polarity— earth's magnetic 

field as it occurs today, * \ 

4f . 



b Reverse : rnagnetic pojarity— earth's magnetic 
field as it has occurred at a number of times in 
% <fhe past. J 
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MATERIALS 

One set for each group: * 
Corrugated cardboard, 18cm x 34cm ^ 
11 finishing trails or paper clips 
Electric coil or strong bar magnet 

BACKGRQUNP INFORMATION 

When«molten volcanic material cools and 
solidiffes, usually around 50CTC (calledf^he Curie 
point), magnetic minerals in it are magnetized 
in the direction of the earth's magnetic field. As 
^Jfeng as the rocks remain below this temperature, 
they retain the magnetism, thus providing 
magnetic "mer^dries" (much like the magnetic 
memory elenjtents of a computer) of the direction 
of the ear\ty£ field in the place, and at the time, 
they cooled and solidified. See Figures A1 and A2. 

In 1§06^the French physicist Bernard Brunhes 
found volcanic rocks in France that were 
magnetized, not in the direction of the earth s 
present field, but in the exact opposite. 
This gave rise to the possibility that the earth's 
fhagnetic field had been reversed in the past, 
^his concept attracted little attention ulitil some 
years later, when it was interpreted that* H 
igneous rocks gan become magnetized and then 
not lose or reorient their magnetism when 
the m'agnetic*1ield of the earth Reverses. 



Scientists have studied magnetized volcanid ^ 
rocks from land areas throughout the world, as 
well as sediments of the sea floor. These 
studies have established that the earth's magnetic 
field has two stable states: as it exists today, 
with the north magnetic pole near the north 
geographic pole, and in a reversed position, with 
the north magnetic pole near the south geographic 
pole. Further, the magnetic poles of the earth 
appear to have repeatedly alternated between 
these two Orientations, It has been calculated 
that in the past 70 million years t^ie earth's , 
poles "flip-flopped" more than 170 times. See 
Figure 1. . 




Figure A1. Above the Curie point, atoms take 
random directions. 



Surveys of the northeast Pacific floor in 1958 
revealed a series of anomalies (irregularities) in 
the intensity of the magnetic field. These 
intensity differences //ere interpreted as 
reversals in the magnetic field of thyearth. They 
appear as a series of stripes whert^jraphically 
portra/ed on an ocean map. In 1963 ft Was 
suggested by two young British Investigators, 
F.J. Vine and D.H. Matthews of Cambridge 
University, that \hp£e anomalies na( only are the 
result of magnetic reversals bTHfthat they also 
represent "stripes" of ocejyfc-ttoor created ^ 
during sea-floor spreading. See Figure 4. 

Although m6dels help us understand difficult 
concepts, their accuracy is usually limited, 
in the sea-floor model the student s compass will 
actually flip-flop. In reality, a change of intensity 
in the earth s magnetic field was recorded by a 
magnetometer. This change was interpreted to be 
part of the ocean floor that was formed at the mid- 
ocean ridge kX a time of reverse polarity. 

At its strongest point near th/poles, the earth's 
magnetic field is several hundred times weaker 
than the field of a to^ horseshoe magnet. 
Although it is a weak field, it occupies a very 
large volcfme and involves a large amount of 
energy, since the energy of a magnetic field is 
proportional to its volume. 

The magnetic field in the wires of the model is 
hundreds of, times stronger than the magnetism 
in the rocks of the sea floor. Another 
limitation of the model is that it illustrates only 
magnetic declination. C 
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Figure A2. Below the Curie point, and in the* 
presence of an external magnetic field, domains 
line up. 

5 



Over most of the Northern Hemisphere the , 
north-seeking end of a compass needle wil^not 
only swing in a horizontal plane but it will \ 
also' dip downwards. The angle the needle makes 
with the\horizontal Is called the magnetic dip. 
(In the Southern Hemisphere it points-up.) 

Although in this activity ofoy the horizontal 
magnetic component is utilized, tj>e earth's 
magnetic field is^best represented as a vector 
defined by two angles, the angle of declination 
and the angle of dip. 



Magnettc north Geographic north 




figure B. The angle of declination and the angle 
of dip for the earth's magnetic field. 



SUGGESTED APPROACH 

This module provides an opportunity for students 
to opiate a physicafc,model to better understand 
the striped magnetic pattern which develops 
across many mid-ocean ridges. Students should be 
familiar with sea-floor spreading, magnetic 
field, magnetic field reversal and mid-ocean 
ridges. . 

Most teachers will want to review these concepts 
with students before they work the magnetic 
model. A teacher skilled In Inquiry techniques 
may want tcf present the students with the 
mpdel^ before discussing these concepts. 

Ideally, stud^ntwhould/zork with this activity in 
groups of two or thrS^The data-gathering can 
tpke place during a. period of aboiU 30 minutes, . 
but each part of the module, i^ART A and PART B* 
wMI take onfe class geriod. An additional 
class period is suggested for a worthwhile 
follow-up discussion. §oroe students will need 
help with some of the calculations Involving time 
and distarrce.' You should also aid the stuaents 
lri*applying the various concepts developed by the 
model to sea-flotfr spreading. 



A sea-floor model should be pre-assembled 
for each group. Construct the model 
as follows: ■ 

1. Cut out a piece of corrugated cardboard, 18 cm 
x 34 cm, and label it as sjipyn in Figure C. 

2. Magnetize 11 finishinjpalls or straightened 
paper clips (about 6 cm long) by putting them 
♦n an electric coil and magnetizing, or stroking 
them with one end of a strong bar magnet. 

3. Wedge the wires or nails Into the holes along 
the edge of the corrugated cardboard*-(See * 
directions for spacing in Figure D.) 



i— - — — ri 









Figure C. Labeling instructions fdfthe corrugated 
cardboard. 
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O .Figure D. Suggested spacing for magnetized nalis or wires in the sea-floor model 
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4. Praw a vertical line on the paper strip * ■ 
through every arrow that is parallel fo the edge of 
the pape'r strip 

5. Color* in red each section in which the compass 
needle pointed south 

6. ColoV in blue each'serction in which the 
compass needle pointed north 

Then answer the following questions* 

7. Hoyv many time intervals of north-seeking 
(normal) magnetic polarity Were found on the 
model 9 

If the model is constructed according to the 
representative diagVam, 5 time intervals of 
north-seeking (normal) magnetism will be 
recorded. Different model constructions may vary 
this number. ( 

8. How many time intervals of south-seekirfg 
(reverse) magnetic polarity were found on the 
Cnodel 9 

ff the model is constructed according to the 
representative diagram, 6 time intervals of 
south-seeking (reverse) magnetism will be 
recorded. Ag^in, different constructions may vary 
this number. 



9. How does the pattern of magnetism or\the 

right sfde of the mid-ocean ridge (right side of > 

model) cohnpare with the magnetic pattern 

on the left side of the mid-ocean ridge 9 

The pattern of magnetjsm on the right side of the 

model should be exactly the reverse of the pattern 

• on the left. This is referred to as a "mirror image." 

. 10. How does the amount of area where there - 
is no norrrjal or'reverse polarity (called transition 
periods) compare with the amount of £rea 
where there is normal or reverse polarity? 
If the model is constructed as shown in Figure D, 
then it will have 6 transition perfods, all of 
which occi/py a relatively small area compared 
with the areas occupied by the normal and * 
reverse magnetic fields. , ■ ^ 
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4. Praw a vertical line on the pap^r strip * • 
through every arrow that is parallel to the edge of 
the pape'r strip. 

5. Color* in red each section in which the compass 
needle pointed south 

6. Color in blue each'serction in which the 
compass needle pointed north 

Then answer the foltowing questions 

7. Hoyv many time intervals of north-seeking 
(normal) magnetic polarity Were found on the 
model 9 

If the model is constructed according to the 
representative diagram, 5 time intervals of 
north-seeking (normal) magnetism will be 
recorded. Different model constructions may vary 
this number. ( 

8. How many time intervals of south-seekirfg 
(reverse) magnetic polarity were found on the 
(jiodel 9 

ff the model is constructed according to the 
representative diagram, 6 time intervals of 
south-seeking (reverse) magnetism will be 
recorded. Agjin, different constructions may vary 
this number. 



9. How does the pattern of magnetism or\the 

right sfde of the mid-ocean ridge (right side of * 

model) compare with the magnetic pattern 

on the left side of the mid-ocean ridge? 

The pattern of magnet|sm on the right side of the 

model should be exactly the reverse of the pattern 

* on the left. This is referred to as a "mirror image." 

, 10. How does the amount of area where there * 
is no nornral or'reverse polarity (called transition 
periods) compare with the amount of £rea 
where there is normal or reverse polarity? 
If the model is constructed as shown in Figure D, 
then it will have 6 transition perfbds, all of 
which occi/py a relatively small area compared 
with the areas occupied by the normal and * 
reverse magnetic fields. . * ^ 
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Set Step 5 PART B about locatwn of thrs ifoe 

Figure 3 Diagram showing the magnetic polarity west of British Columbia Areas believed to b£ of 
normal magnetic polarity are shown in black Areas believed to be of reverse magnetic polarity 
are shown in white. Black lines that cut across the pattern are faults (Permission granted 
from Raff and Mason, Bulletin of the Geological Society of America.) 

\ 



PROCEDURE 

PART B: What causes the sea floor to spread apart? 

In this activity studepts work with a copy of the 

original magnetic field diagram west of British 

Columbia. The Juan de Fuca Rldge>area 

shown In Figure 3 (arrows) Is an area with which 

Matthews and Vine worked In developing the 

sea-floor spreading hypothesis. The students 

magnetic stripe map, made in PART A, and an 

actual magnetic Jleld change map will be 

compared for similarities and differences. Using 

3 paleomagnetlc thne scale, students calculate 

an average rate of spread, away from the 

Juan de Fuca Ridge. 

Key word: paieomagnetlsm 

Time required: one 45-mlnute period 




Materials, sea-floor model 

Figure 3 is a map of the sea floor west of British 
Columbia. It shows the pattern of magnetic 
polarity in the area of an ocean ridge. This ocean 
ridge is called the Juan de Fuca Ridge. Its 
location is shown by the two arrows on the map. 
Compare the map in Figure 3 with the striped 
map yoifjnade of the sea-floor model. Answer 
the following questions. 

1. In what ways is your striped map similar to the 
map in Figure 3? 

Both maps show parallel stripes of normal and 
reverse magnetic fields. 
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2. In what ways is the map in Figure 3 different 
from yours? * \ 
The magnetic field map of the area west of 
^ British Columbia is far more complex and detailed 
than the student map, Faults which have offset # 
the magnetic field pattdm and changes In 
the spreading rate are two of the factors which 
complicate the magnetic pattern shown in 
Figure 3. t ■ 

Some years ago, a few earth scientists came up 
with the idea that ocfean ridges* were places , ■ 
where the sea floor was spreading apart 
Figure 4 shows a way in whfch this spreading 
- could happen. 



Mid-oceanic ndge 
Seajeyei 




Figure 4. Convection currents are spreading the 
sea floor away from thfe ocean ridges 



Just having an idea in science is not enough. Ideas 
can often cSme easy. Getting some proof is 
often more difficult. How could one get some 
kind of proof for the idea that crustal plates are 
moving away from ocean ridges? 

Interestingly enough, thefirsFreal break-through 
came about because of^he reasoning of a • 
24-year-old> graduate student, Frederick Vine. 
Vine could see that the pattern of magnetic stripes 
is similar on both sides of mid-ocean ridges 
(a long submarine ridge found in all major ocean 
basins o1 the world, commonly centrally' located 
in the basrn ancf having a promiqent valley down 
the middle). Heteasoned that th^magnetic 
pattern reflected the magnetic field recorded in 
the ocean floor rocks when they were formed. 
The "duplicate" striped pattern sequence on either- 
side of the ocean ridges was a major finding, 
it providec^vidence for the idea that new 
material* (lava) rises to the surface, cools, becomes 
magnetized and gets carried outward away y 
from both sides of the ridge as the sea floor 
spreads apart. 

Figure 5 shows how this process is believed to 
oocur. 

3. Why do you think the magnetic stripes are of 
different width? 

The difference In the widths of the magnetic 
stripes'could be explained by: 1} varying 
rates'of sea-floor spreading Jn the geologlcpast, 
and 2) the length of time that the earth's magnetic 
field stayed In a particular magnetic position. 



M>d-oceanic*ndge 




Figure 5. As the lava is brought Up at the mid-otfean ridge, the sea floor spreads and it 
O /records" the earth's magnetic fteld. ' <■ 
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Scientists who study paleomagnetism (the history 
of the earth's magnetic field as recorded ,jn 
the rocks) have been able to work odt a paleo- 
maghetic time scale. This time scale shows the 
* . intervals of different magnetic pblarity Part of 
this scalers shown as Figure 6. 1 

4. Using the time scale in Figure 6, determine 
how many magnetic reversals h£v*e taken 
place in the past 3 million years. 

•Using the time scale in Figure 6, students should 
able to determine 7 time intervals of : 
magnetic reversals have occurred in tBe past 3 
million ySars. 

5. Look at Figure 3. Start at the ridge marked by 
the arrows. Going jpast, count the same number, 
of reversals that you determined (in question 4) 
have taken place in the past 3 million years. 
Measure this'distance in kilometers, using the 

• scale at the bottom of Figure 3. ' 

Using Figure'3, trifc students can count 7 stripes 
outward from the ridge indicated by the 

• arrows in the figure. Because of the fault patterns 
in the area, counting eastward should be 

SUMMARY QUESTION^' ^^^^^^ 

1. Explain the appearance and nature of the 
magnetic pattern of the sea floor. 

The recorded magnetic pattern of the sea floor 
is striped, pnd there are alternate and duplicate 
(mirror image) bands of inferred normal and 

• rayerse magnetism on the sea floor. 

2. Explain how \ he alternating magnetic stripes 
of the ocean floor might be formed. 
Students should be encouraged to write their 
own ideas in their own way when answering 
this question. One explanation is: The magnetic 
particles'Tn the rocks of the ocean floor are 
magnetized in the direction of the earth s magnetic 
Afield at^thejime they are forming along the < 
mid-ocean ridge: As sea-floor spreading moves 
the ocean floor, reversals in the earth's magnetic 
field are recorded by the magnetic particles " 

tn rt|p/ sea-floor rock. This process creates a series 
6f bands, oj magnetic striped pattern. 



easier than counting westward. Using the scale • 
provided to measure from the ridge to the 
seventh stripe, the students should find a distance 
of approximately 90 km. 

6. What* is the average rate of spreading during 
this time? Hint: Divide the distance by the 
time You will have to convey krn into cm. 
Remember, 1 km = 100,000 cm 

D _ Distance in cm v ■ , 

Hate - *r 

Tjme in years 

The average rate of spreading can be determined 
by dividing the.distance the plates are 
interpreted to have spread (approximately 90 km) 
by the time involved (3 million years), Since 
the students should express the final answer in 
cm/year, be certain that the appropriate 
conversions are made. \ * 



R = E: 



R - 



90 km 



FT 



3 m.y 

9,000,000 cm 
3,00Q,000 years 



g.O cm/year . 



3. Explain why you think that the striping of 

sea f -floor magnetism is either for or against the 

idea of sea-floor spreading. 

Although you should encourage students to 

write various responses to this question, you can 

expect many to express ideas simikir Jo the 

following: 

I think the striping of the sea-floor magnetism 
supports the idea of sea-floor spreading. When the 
alternating magnetic pattern and the 
similarity of the pattern on either side'of the ridge 
are considered, it is difficult to think of any 
other wa/in which the striping pattern could have 
formed. Assuming that the reversals in the 
earth's magnetic field have taken place, then 
sea-floor spreading is a way in which this pattern 
could have.beerfcproduced. * 

' T 
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INTRODUCTION 

'One interesting find that scientists have made 
in recent years is that the earth's magnetic field 
has two favored positions, One position isras 
it exists today, with the north magnetic pole 
near the north geographic pole. (See Figure 1a ) 
The other inexactly the rgverV^, with the 
north magnetic pole near the south geographic 
pole (See Figure 1b ) The magnetic polarity 
"(the geographic directions of the north and 
south magnetic poles) appears to have reversed., 
positions many times in the past f m 



Magnetic north 





Geographic south 



Geographic north 





Magnetic north 



• Figure 1. Magnetic polarity of the earth 



a. ^Normal magnetic polarity— earths magnetic 
field as it occurs today. 



b. Reverse magnetic polarity— earth's magnetic 
field as it has occurred at a number of tirries in 
the past, 
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OBJECTIVES ^^.^^ - , ^ 

After you have dompleted these activities, you 
should be able to. 

1, Describe the magnetjc pattern that was 
found on the sea-floor model „ 

2. Identify the areas on the model thatiiave 
normarTmagnetism and the areas that have reverse 
magnetism 



PROCEDURE * \ « 

PART A What is the magnetic pattern of a 
mid-oce^n ridge area 9 
Materials sea-floor model, compass, strip of 
adding machine tape, masking tape and 
red and blue pencils for each group 

This nl&Jel has tfeen made to show some features 
of the magnetic field that are recorded in the m 
rocks of the sea floor 

1. Place the cardboard model in front of you 
Lay the £trip of adding machine tape along the 
length of the cardboard model as close to 

the cen^r as possible Attach it at both ends with 
tape 

2. Place the compass at the very center of the 
strip of adding machine tape. This point represents 
the center of a mid-ocean ridge Yoq^vHI very 
s/ovv/y*5hdQ the compass to the right along « 

the pap er strip . Wherever the c ompass needle is 

parallel - or perpendicular i__ to the edge 

of the paper strip, carefully hfHhe compass 
and draw a srtnall arrow to show the direction of 
the north-seeking end of the-compass. Keep 
plotting all the way to the right end of the tape. 



3. Compare the magnetic pattern on one side of 
the model mid-ocean ridge with that omthe 
opposite side of the ridge * ^ 

4. Suggest some possible way§ in which the 
striped m.agnetic pattern could have been formed 

' 5/ Calculate the amount of sea-floor spreading 
. that has occurred in the past 3 million years 
6. Calculate the rate of sea-floor spreading 
that has occurred in the past 3 million years. 

J 3. Again, place the compass at the center of the 
strip of adding machine tape^ This time^lide 
the compass slowly to the leh along the paper 

' Strip As before, whenever the compass needle is 

parallel ' _ or perpendicular L_ to the 

edge of the paper strip, carefully lift the compass 
and draw a small arrow to show th^ direction m 
of the north-seeking end of the cor^pass. Keep 

^plotting all the way to the left end of the tape. 

4. Draw a vertical line on the paper strip 
through every arrow that is parallel to the edge of 
the paper strip 

5. Color in red each section in which the compass 
needle pointed south 

6. Coloc in blue each section in.which the 
compass needle pointed north 




Then answer the following questions: 
7. How many tirme internals of north-seeking 
(normal) magnetic polarity were fouad on the 
model? • ' . | 



/ 



0 * 



8. How many time intervals of south-seeking 
(reverse) k magnetic polarity ^ere found on the 
model? 




4fc 9.>How does the pattern of magnetism on the 
^ right side of the mid-ocean ftdge (right side of 
model) compare with th£ magnetic pattern , 
on the left side of the mid-ocean ridge? ^ 



10 How does the amount of area yvhere'-tftere 
is no normal or reverse polarity (called trartsition 
periods) compare witti the amount of area 
where there is normal or reverse polarity? 




Figure .3 Diagram showing the magnetic polarity west of British Columbia Areas believed to be of 
normal magnetic polarity are shownm black Areas believed to be of reverse magnetic polarity 
are shown in white Black lines that ci>t across the, pattern are faults (Permission granted 
from Raff and Mason, Bulletin of the Geological Society of America ) 

PROCEDURE . >^-;?:J, : .,. ~ ^ - - f 

PART B What causes the sea floor to spread apart? i 
Materials sea-floor model 4 j 

Figure 3 is a mip pf 'the sea floor west of British 
Columbia It shows the pattern of magnetic 
polarity in the area of an ocean ridge. This ocean 
ridge is called the' Juan de Fuca Ridge. Its 
location is shown by the two arrows on the map, 

* 

Compare, the mapjn Figure 3 with the e striped 
map you made of the sea-floor model. Answer 

the following questions: , 

1. In what ways is your striped maR similar to the * " ** 

map in Figure 3? 



2. In what ways is the map iq Figure 3 different 
fro^ yours 9 
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^pme years ago, a few earth scientists came up 
with the idea that ocean ridges were places 
where the sea floor was spreading apart. 
Figure 4 shows a way in which this spreading 
could happen. 



Mtd-oceanic ndge 
level 




Figure 4 Convection currents are spreading the 
sea floor away from the ocean ridges 



Just'havingan idea jn Science is no} enough Ideas^ 
can often come easy. Getting some proof is ♦ 
often mor£ difficult Hbw do u krone get some x lM 
kind of proof for th'e idea that crustal plates are 
moving away from ocean ridges? 1 ' , ; • 

Interestingly^'enough 1 "' the.first real break-through 
came about because pf the reasoning of a 
24-year-old graduate student, Frederick Vine/ * 
Vine could se t e that the pattern of magnetic stripes 
is similar on both sides of mid-ocean .ridges c 
(a long submarine ridge fouqd in all major ocean 
.basins of the world, commonly centrally lockted 
in the basin and having a prominent^ valley down 
the middle) He reasoned that the magnetic 
pattern reflected the magnetic field recorded in 
the ocean floor rocks when they were formed. 
The "duplicate" striped pattern sequence on either 
side of the ocean ridges was-a major finding 
It provided evidence for the idea that new 
material (lava) rises to the surface, cools, becomes 
magnetized and gets carried outward away 
from both sides oUhe ridge as the sea floor 
spreads apart , \ 
Figure 5 shows how this process is believed to / 
occur 



Mid-oceantc ridge 




Figure k As the lava is brought up at the mid-ocean ridge, the sea floor spreads and it 
"records" the earth's magnetic field. 



3. Wfry do you Jhink-the magnetic stripes are of different width? 
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Scientists who study paleomagnetism (the history 
of the earth's magnetic field as recorded in 
the rocks) have been able to work out a paleo- 
magnetic time scale. This time scale shows the 
intervals of different magnetic polarity. Part of 
.this scale is shown as Figure 6. 

4. Using the time scale in Figure 6, determine 
'how many magnetic reversals have taken 
place in the past ^million years a 



6. What is the average rate of spreading during 
this time? Hint. Divide the distance by the 
time. You will have to convert km into cm. 
Remember, 1 km = 100,000 cm. 
Distance in cm 



Pate = 



Time in years 



5^ook at Figure 3 Start atthe ridge marked by 
the arrows Going east, count the same number 
of reversals that you determined (in question 4) 
have taken place in the past 3 million years 
Measure this distance in kilometers, using the 
scale at the bottom of Figure 3 
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Figure 6. This diagram shows the time intervals of different magnetic polarity 
O mg the past 4.5 million years. \ , 
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SUMMARY QUESTIONS K ^ : ^ 

1. Explain the appearanfce and nature of the 3. Explain why you think that the striping of 

magnetic patiern of the^sea floor. sea-floor magnetism is either for or against the 

ide# of sea-floor spreading. 



2, Explain how the alternating magnetic stripes 
of the ocean floor might be formed. 
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